Background: Numerous studies have reported an association between cytotoxic T-lymphocyte associated antigen 4 gene (CTLA4) polymorphism and susceptibility to asthma, in different populations, but the results have been inconsistent. We performed a meta-analysis of 19 published case-control studies to obtain a reasonably accurate estimation of the relationship between CTLA4 polymorphism and asthma.
Introduction
Asthma is a chronic airway disease that is characterized by complex airway inflammation and variable airway obstruction. [1] The prevalence of asthma has been increasing in different countries around the world in recent decades, regardless of the level of development, and it poses a heavy financial burden to the family and country. [2] Numerous studies have suggested that the pathogenesis of asthma depends on the interaction between various susceptibility genes and environmental factors, including air pollution, allergens, and genetic variation. [3] T cells play a central role in asthma through the action of TH1-type cytokines generated in response to allergens. [4] A more precise understanding of the association between gene mutation and asthma can facilitate the development of novel therapeutic targets and prevention strategies that reduce the incidence of and mortality associated with asthma. Numerous studies have reported that CTLA4 plays an important role in the pathogenesis process of asthma. [5, 6] CTLA-4, a B7-binding protein expressed on activated T cells, and polymorphisms in CTLA4, a gene located on chromosome 2q33, have been proven to influence the development of asthma. [7] CTLA-4 is involved in the negative regulation of the immune response by blocking the CD28-mediated costimulatory molecules, and is associated with TH2 cell activation and differentiation. [8] Cumulative evidence suggests that the plasma CTLA-4 concentration is significantly higher in asthma patients than in healthy individuals, and CTLA-4-Ig effectively ameliorated airway hyper-responsiveness and reduced the level of serum IgE. [9] Recent studies have identified several single nucleotide polymorphisms and have demonstrated a significant association between these polymorphisms and asthma. [10] CTLA4 + 49A/G and À318C/T polymorphisms were respectively associated with asthma severity and bronchial hyper-responsiveness by increasing the IgE responsiveness, which is a major factor in asthma, and increasing the sCTLA4 transcript, which may play a role in promoting bronchoconstriction. [11, 12] Yao et al and Lee et al performed a meta-analyses to investigate the effect of CTLA4 genotype on the risk of asthma. [13, 14] However, the results of the association between CTLA4 polymorphism and asthma susceptibility in different races have not been consistent. Therefore, we have here performed a meta-analysis of recent studies to gain further insight into this matter.
Methods

Search strategy
We searched the Pubmed, EMBASE, Chinese National Knowledge Infrastructure (CNKI), and Wanfang databases for the period of January 2000 to July 2017. The following MeSH terms were searched: "Asthma or Asthmatic" and "CTLA-4 or CTLA-4 + 49 A/G or CTLA-4 -318 C/T or cytotoxic T-lymphocyte associated antigen 4 or cytotoxic T-lymphocyte associated antigen 4 + 49 A/G or cytotoxic T-lymphocyte associated antigen 4 -318 C/T or CD152," and "polymorphism or variant or mutation." Furthermore, all references cited in the identified publications and review articles were searched manually to identify additional articles. No ethics committee approvement was necessary for this metaanalysis, which does not contain any studies with human participants or animals performed by any of the authors.
Inclusion criteria and excluded criteria
Published studies that met the following criteria were included in this meta-analysis: a case-control study on CTLA4 polymorphism and asthma susceptibility, published before July 2017; asthma diagnosed according to the Global Initiative for Asthma guidelines or the diagnostic criteria for asthma established by the Respiratory Society, Chinese Medical Association; the frequency distribution of the corresponding genotype was available for estimating an odds ratio (OR) with a 95% confidence interval (CI); the genotype distribution of the control population had to be in Hardy-Weinberg equilibrium (HWE). The exclusion criteria were as follows: reviews, meta-analysis, or animal studies; and lack of genotype data.
Data extraction and qualitative assessment
Two reviewers independently reviewed the full text of the eligible studies, and the following data were extracted into the predesigned data collection database. To ensure the accuracy of the data, we carried out multiple validations of the data by different individuals. The following information was extracted from each study: first author's name, year of publication, original country, ethnicity, age group, atopic status, sample size, asthma definition, genotyping method, CTLA4 polymorphism, and genotype number in cases and control. The quality of each selected study was also independently assessed by 2 reviewers who used the Newcastle-Ottawa Scale. [15, 16] Any potential disagreement was adjudicated by discussion.
Statistical analysis
Pooled ORs and 95% CIs were applied to evaluate the strength of association between the +49 A/G and -318 C/T CTLA4 polymorphisms and asthma risk. The statistical significance of the OR was determined by the Z test. Q and I 2 statistics were used to assess the heterogeneity among the eligible studies. [17] Heterogeneity was considered significant for P < .10. A random-effects model (P < .10) or a fixed-effect model (P ≥ .10) was used to sum up the pooled OR. The P value of HWE among the control groups within each study was checked by the exact test using an HWE calculator; P values >.05 indicated that the population was in genetic equilibrium. Furthermore, publication bias was examined visually by means of a funnel plot of log OR against its standard error. Publication bias was checked statistically by the Egger test. P value <.05 means that evidence of potential publication bias. [18] All analyses were performed using the Revman 5. 
Results
Literature selection and subject characteristics
A total of 102 relevant articles were identified after an initial search, and 38 articles were removed because of duplication. After reviewing the titles and abstracts, 38 articles were excluded because they were reviews, not clinical studies, or were irrelevant to the CTLA4 + 49 A/G and -318 C/T polymorphisms. After 26 full-text articles were assessed for eligibility, a further 8 articles that were not case-control studies or did not present usable data were excluded. When reviewing the full-text of the selected studies, we found one article that contained 2 cohort studies, and each was considered as a separate case-control study. [19] Thus, a total of 19 case-control studies in 18 articles were identified, [1, 11, 12, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] including 4831 cases and 4534 controls. The selection process is shown in Figure 1 . There were 16 studies on the +49 A/G and 12 studies on the -318 C/T SNPs. Among the eligible studies, there were 12 studies [1, 11, 12, [19] [20] [21] 23, 24, 27, [30] [31] [32] involving Asians, and 5 studies [22, 25, 28, 29, 33] involving whites. Six studies [11, 12, 19, 24, 29, 33] were performed in adults, 11 studies [1, [19] [20] [21] 23, [26] [27] [28] [30] [31] [32] were performed in children, and 2 studies [22, 25] included both adults and juveniles. Five studies [19, 21, 22, 24, 26] included atopic asthma patients, 3 studies [11, 19, 20] included both atopic and non-atopic asthma patients, and the data for these patients could be separately extracted. Ten studies [12, 23, 25, [27] [28] [29] [30] [31] [32] [33] Table 1 . Genotype frequencies and HWE examination results are presented in Tables 2 and 3 . Table 1 Characteristics of the studies included in the meta analysis. 
CTLA-4 polymorphism
Nakao et al [22] 2000 Japan (Asian) Children Atopic 120 200 Physician's diagnosed 6 PCR-RFLP +49A/G, À318C/T Hizawa et al [12] 2001 Japan (Asian) Adults NA 339 305 ATS diagnosis criteria 8 PCR-RFLP +49A/G, À318C/T Howard et al [30] 2002 Netherlands (white) Adults NA 200 201 ATS diagnosis criteria 8 PCR-RFLP +49 A/G, À318C/T Lee et al [11] 2002 Korea (Asian) Adults Mixed 88 86 ATS diagnosis criteria 7 PCR-RFLP +49A/G, À318C/T Schubert et al [29] 2006 Germany (white) Children NA 231 270 Physician's diagnosed 8 PCR-RFLP +49A/G, À318C/T Jasek et al [23] 2006 Poland (white) Adults/Juveniles Atopic 219 102 NHLBI/WHO guideline 8 PCR-RFLP +49 A/G, À318C/T Qian et al [28] 2007 China (Asian) Children NA 90 100 Chinese asthma diagnosis Criteria 6 PCR-RFLP À318C/T Sohn et al [20] 2007 Korea (Asian) Children Mixed 326 254 Physician's diagnosed 8 PCR-RFLP +49A/G, À318C/T Chan et al [24] 2008 China (Asian) Children NA 298 175 ATS diagnosis criteria 7 PCR-RFLP +49 A/G Daley et al [26] 2009 Australia (white) Adults/Juveniles NA 644 751 Questionnaire survey 6 Illumina Bead Array Systerm +49A/G, À318C/T Oh et al [21] 2010 Korea (Asian) Children Mixed 742 238 ATS diagnosis criteria 8 PCR-RFLP + 49 A/G Undarmaa 1a et al [19] 2010 Japan (Asian) Children Atopic 325 336 NIH Criteria 6 Taqman-ASA + 49A/G, À318C/T Undarmaa 1b et al [19] 2010 Japan (Asian) Adults Atopic 367 676 ATS diagnosis criteria 6 Taqman-ASA + 49A/G, À318C/T DeWan et al [27] 2010
À318C/T
Zhang et al [32] 2010 China (Asian) Children NA 118 160 Chinese asthma diagnosis criteria 6 Taqman-ASA +49 A/G Anantharaman et al [25] 2011
Zhang et al [33] 2012 China (Asian) Children NA 26 30 Chinese asthma diagnosis criteria 6 Taqman-ASA + 49 A/G Wang et al [31] 2014 China (Asian) Children NA 80 80 Chinese asthma diagnosis criteria 6 Taqman-ASA +49A/G, À318C/T Aboazma et al [34] 2016 Egypt (white) Adults NA 62 38 Physician's diagnosed 6 PCR-RFLP +49 A/G ATS = American Thoracic Society, NA = not available, NHlBI = The National Heart, Lung, and Blood Institute, NIH = National Institutes of Health, PCR = polymerase chain reaction, RFLP = restriction fragment length polymorphism, TaqMan-ASA = TaqMan allele-specific amplification method, WHO = The World Health Organization, Case: Asthma; 1a, 1b: 2 different population of the same study.
Table 2
The distribution of the +49A/G genetic polymorphism included in meta analysis. 
CTLA -4 + 49 A/ G polymorphism and asthma susceptibility
Fifteen studies in HWE were pooled, and the total sample sizes for asthma and control groups were 4068 and 3767, respectively. [1, 11, 12, [19] [20] [21] [22] [23] 25, [28] [29] [30] [31] [32] [33] The results of this meta-analysis are presented in a forest plot (Fig. 2) . Heterogeneity among individual estimates of the ORs was observed (I 2 = 38%, P = .06) and the sample size data of the case and control groups were combined by means of a random effects model. The pooled OR was 0.82 (95% CI = 0.70-0.97, P = .02). This result suggested that the CTLA4 + 49 A/G polymorphism caused an increased risk of asthma in a worldwide population. In subgroup analysis by ethnicity, the CTLA4 + 49 A/G polymorphism was associated with asthma risk in the Asian population (OR = 0.80, 95% CI = 0.68-0.95, P = .01), but not in the white population (OR = 0.94, 95% CI = 0.80-1.10, P = .44).
Stratifying subjects by age yielded a significant association between the CTLA4 + 49 A/G polymorphism and asthma risk in children (OR = 0.75, 95% CI = 0.62-0.90, P = .002), but no association was found in adults (OR = 0.85, 95% CI = 0.68-1.06, P = .15). Moreover, significant association was also observed in atopic asthma (OR = 0.81, 95% CI = 0.67-0.98, P = .03). All data are summarized in Table 4 .
CTLA-4 -318 C/T polymorphism and asthma susceptibility
Twelve studies determined the association between the -318 C/T polymorphism and asthma risk. [12, 19, 20, [21] [22] [23] [24] [25] [26] [27] [28] [29] All but 2 studies Figure 2 . Meta-analysis for the association between asthma and the CTLA-4 + 49 A/G polymorphism (GG + GA vs. AA) with a random-effects model. The distribution of the -318 C/T genetic polymorphism included in meta analysis. [29] 2006 231/270 181/214 47/53 3/3 .889 Jasek et al [23] 2006 219/102 172/79 44/22 3/1 .694 Qian et al [28] 2007 90/100 75/84 13/15 2/1 .721 Sohn et al [20] 2007 326/254 247/199 77/54 2/1 .182 Daley et al [26] 2009 642/751 537/616 100/128 5/7 .902 Undarmaa 1a et al [19] 2010 325/336 253/263 67/68 5/5 .801 Undarmaa 1b et al [19] 2010 367/676 284/512 78/153 5/11 .911 DeWan et al [27] 2010 66/42 58/35 7/6 1/1 .267 Anantharaman et al [25] were in HWE [11, 30] ; those in HWE were pooled. The total sample sizes for asthma and control groups were respectively, 3391 and 3657. The sample size data of the case and control groups were combined by means of a random-effects model. The pooled OR was 0.96 (95% CI = 0.63-1.47, P = .86) (Fig. 3) . Thus, there was no significant association between the CTLA4 -318 C/T polymorphism and asthma.
Sensitivity analyses were performed according to atopic status, but no association between the CTLA4 -318 C/T polymorphism and asthma risk was found in the atopic population (OR = 0.99, 95% CI = 0.59-1.66, P = .96). Furthermore, stratifying subjects by age and ethnicity also showed no significant genetic effect (Table 4) .
Sensitivity analysis
We performed a sensitivity analysis to assess the stability of the results by sequentially removing each eligible study. The results showed no statistical significance in terms of the pooled ORs or 95% CIs, indicating that our results were robust and reliable (Fig. 4) . Additionally, Egger test indicated that there was no significant publication bias (t = À1.38, P = .189, and t = À0.86, P = .410) (Fig. 5 ).
Discussion
Asthma is a complicated inflammatory airway disease, and its pathogenesis is mainly related to environmental pollution and Table 4 Results of the meta-analysis of CTLA-4 polymorphism on asthma and sensitivity analyses. genetic inheritance [34] . Although the etiology of asthma has not been fully determined, genetic studies have established that asthma susceptibility involves a genetically determined TH cell differentiation, [8] and some studies have confirmed a significant association between CTLA4 genetic polymorphisms and asthma. To illustrate the effect of CTLA4 genetic polymorphism on the risk of asthma, Yao et al [13] and Lee et al [14] performed metaanalyses. Lee et al revealed a significant association between the +49A/G polymorphism and asthma risk in Asian populations, but Yao et al suggested that there was a significant association between the CTLA-4 +49A/G polymorphism and asthma only in white populations, but not in Asian populations. We therefore performed a meta-analysis including new data, to assess this conclusion.
Test of association Heterogeneity
In the present meta-analysis, a total of 4769 asthma cases and 4496 controls were used to evaluate the relationship between +49A/G and -318C/T polymorphisms in CTLA4 and the risk of asthma. We show that the +49A/G polymorphism was a moderate risk factor of asthma in the overall study population. In the subgroup meta-analysis, we found that there was a significant association between the CTLA4 +49A/G polymorphism and asthma in Asian populations, but not in white populations. Interestingly, our meta-analysis result of association between the +49A/G polymorphism and asthma in Asian populations was in accordance with the findings of Lee et al.
However, we could not deduce that the +49A/G polymorphism plays no role in asthma in white populations based on 5 studies. Because such few studies might lead to unstable results or may be affected by a combination of environmental exposures and different genetic backgrounds, further studies on the effect of the +49A/G polymorphism on asthma is needed for verification.
Furthermore, we also observed an association between the +49A/G polymorphism and asthma in children (P = .002), but found no association in adults (P = .15).
Stratifying subjects by atopic status indicated a significantly increased risk of asthma in patients with atopy (P = .03). Thus, the +49A/G polymorphism may play a role in the pathophysiological process of allergic asthma. Some studies have also shown that serum sCTLA-4 concentrations are increased in patients with allergic asthma and after allergen inhalation and ingestion in sensitized asthmatic patients. [35, 36] We further found a lack of association between the -318C/T polymorphism and asthma susceptibility. However, Hizawa et al [12] reported that patients with asthma who were homozy- gous for the -318C allele in the CTLA4 promoter region had higher levels of total serum IgE than patients with asthma who carried the -318T allele. Moreover, the -318T allele was also associated with increased asthma severity and might be a candidate gene marker for severe asthma. [11, 27] We could not conclude that there was no association between the -318C/T polymorphism and asthma risk because asthma is a complex genetic disease, and multiple genes are involved in its pathophysiology. Furthermore, the limited total sample size of the studies included in this meta-analysis may have influenced our findings. Larger sample size studies are required to assess the association between -318 C/T polymorphism and asthma risk more comprehensively.
Asthma is characterized by hyperresponsiveness, eosinophilic inflammation and elevated IgE levels, and is thought to be mediated by CD4 + T lymphocytes. [37] The morbidity and mortality associated with asthma have increased because of environmental aggravation in recent years, particularly in children. Therefore, effective early screening and treatment are important. Our meta-analysis found that the +49 A/G polymorphism in CTLA4 might be a risk factor for asthma susceptibility, especially in Asian individuals, children, and patients with atopy. Hence, clinicians could provide early intervention for asthma patients by promoting early screening for this CTLA4 polymorphism. Childhood is a sensitive stage for asthmatic attack and it has been reported that 80% of children older than 3 years are allergic to indoor conditions. [38] For these childhood asthma cases, especially those with atopy, CTLA4 SNP genotyping could help clinicians to implement rational therapy and reduce the impact of the disease on these children's development and growth. Clinicians should therefore consider implementing this genotyping as a routine test for hospitalized asthma patients, as would be done for cancer-related markers.
Publication bias and heterogeneity can influence the results of meta-analyses, and could result in potential overestimation of effect sizes. In this meta-analysis, publication bias was checked statistically using Egger test; no significant publication bias was found for studies of the +49 A/G and -318 C/T polymorphisms. In addition, no significant heterogeneity was found in most of the overall comparisons for these 2 polymorphisms. Therefore, heterogeneity did not seem to influence the results of the evaluation, suggesting the reliability of our results.
Meta-analysis involves the integration of all comparative studies to increase the sample size, to achieve more accurate results. However, this meta-analysis had some limitations. First, all studies included in this meta-analysis were identified from selected databases, and a publication bias may have occurred. Second, only 5 of the 17 studies were conducted in non-Asian populations. Third, publication bias may have been present because all studies included in this meta-analysis were published only in Chinese and English languages; some relevant studies in other languages may not have been identified. Finally, data were not stratified by sex, lifestyle, or environmental variables.
Conclusion
Our meta-analysis suggested that the +49 A/G polymorphism in CTLA4 might be a risk factor for asthma susceptibility, especially in Asian individuals, children, and patients with atopy. We found no evidence for association of the -318 C/T polymorphism with asthma susceptibility. However, further large-scale studies should be carried out to validate this conclusion.
